THE composition of mesenchymal tumour polysaccharides has been repeatedly investigated: Kabat (1939) obtained from two fowl sarcomas a substance very similar to the hyaluronic acid of human umbilical cords and Pirie (1942) isolated hyaluronic acid from Rous and Fujinami myxosarcomas. Warren and co-workers (1949) reported that the hyaluronic acid extractable from fresh Rous chicken sarcomas had a lower viscosity than the one usually extracted from umbilical cord. Previous data of Sylven (1945, 1949) and of successive extraction and fractionation experiments (Harris, Malmgren and Sylven, 1954) suggest the simultaneous presence in the ground substance of mesenchymal tumours of an ester sulphate polysaccharide, which is believed to be a heparin-like one.
In this paper a similar detailed investigation on the polysaccharides extractable from a human carcinoma is reported. Present data will be compared with those for the polysaccharides of Rous sarcoma No. 1 and of human umbilical cords prepared by the same extraction and purification methods.
MATERIAL AND METHODS
The tumour tissue, an undifferentiated carcinoma originating from the pancreas, was obtained from a male patient, aged 66, who died in January 1949. It was supplied by Dr. D. A. G. Galton and Dr. R. J. C. Harris, Chester Beatty Research Institute, London.
The extraction and the purification of polysaccharides from the acetonedefatted and dried material was carried out according to Harris, Malmgren and Sylven (1954) . The extraction schemes are shown overleaf.
The corresponding preparations from umbilical cords were denoted (U-I) to (U-V).
Each fraction was analysed for nitrogen (Kjeldahl), sulphur (Paulsson, 1953), phosphorus (Lowry and Lopez, 1946) and hexosamine (Blix, 1948) after hydrolysis for 24 hours in 4 M HCI at 100°C. The hexosamine was identified by ion exhcange chromatography combined with automatic recording of electrolytic conductivity according to Drake and Gardell (1952) . Determinations of the eletrophoretic mobility and sedimentation coefficient were carried out at a concentration of 05 per cent in phosphate buffers of pH-7-6 and 6-8 at an ionic strength of 0-1.
RESULTS
The analytical and physico-chemical data are given in Table I The total yield of polysaccharide material from the human carcinoma was about 2-5 per cent fof the fat-free dry weight. Scheme 1 and Table I show that about 90 per cent of this is hyaluronic acid. The chemical composition and the electrophoretic mobility are quite similar to those of purified hyaluronic acid from human umbilical cords and from Rous fowl sarcoma. Infra-red spectroscopy (kindly performed by Dr. S. F. D. Orr) has also shown that the spectrum of preparation (C-II) is very similar to that of pure hyaluronate prepared from human umbilical cord and from Rous sarcoma (Orr, Harris and Sylven, 1952) . The two spectra were identical in the region 680-980 cm.-', indicating that the two samples have the same molecular skeleton (Orr, 1954) . The sedimentation coefficient of the carcinoma polysaccharide is similar to that of sarcoma polysaccharide; however, it is lower than that of the corresponding umbilical cord preparation (U-II).
The sulphur-bearing constituent present in preparation (C-I) is completely removed by the Azure A precipitation method of Sylven and Malmgren (1952) and is accordingly expected to be an ester sulphate polysaccharide. No galactosamine could be detected in (C-I) nor in (S-I) and the presence of chondroitinsulphuric acid in measureable amounts, namely more than 2 per cent of total polysaccharide, is therefore excluded. The sulphur-containing substance in (C-I) is probably heparin or a sulphate ester of hyaluronic acid. However, none of the preparations labelled (C-I), (C-II), (U-I) and (U-Il) showed antithrombic activity. This suggests that heparin is absent or that the heparin activity has been destroyed during the preparation.
The extraction of the carcinoma with detergents (Snellman) yielded an impure hyaluronic acid (C-V), and neither of the fractions (C-III), (C-IV) or (C-V) had antithrombic activity. The first two fractions were obtained in amounts too small to permit chemical analysis. The sedimentation coefficient of (U-V) is higher than that of (C-V) and the latter contains only glucosamine whereas the umbilical cord preparation (U-V) contains both glucosamine and galactosamine.
Extraction of the carcinoma according to Wilander (1938) yielded a sulphurcontaining polysaccharide moiety (S content 1-04 per cent) that did not, however, exhibit heparin activity. Extraction of umbilical cords gave a similar material.
DISCUSSION
This human undifferentiated carcinoma contained about 2-5 per cent polysaccharide material (fat-free dry weight). About 90 per cent ofthis was undoubtedly hyaluronate for its chemical properties which were identical with those of hyaluronic acid from human umbilical cord. The carcinoma hyaluronate, however, was of lower particle size than the umbilical. All these findings are in agreement with the observations of Warren and his co-workers (1949) and also of those of Harris, Malmgren and Sylven (1954) indicating that mesenchymal and epithelial tumour hyaluronates are quite similar.
The sulphur-containing polysaccharide which constituted about 10 per cent of the total polysaccharide has not been identified. It contains only glucosamine and cannot therefore be chondroitin-sulphuric acid. On the other hand no antithrombic activity was observed, indicating that heparin or heparin-like substances such as the sulphate esters of hyaluronic acid, were not present in an active As preliminary data indicated the presence of a sulphur containing polysaccharide, part of the crude tumour tissue (C) was extracted for heparin according to Wilander (1938) , and part by a milder method used by 0. Snellman (personal communication). The following scheme was adopted: state. In umbilical cord this sulphur-containing polysaccharide (perhaps a mucoitin-sulphuric acid ?) is not present in appreciable amounts since the sulphur contents of (U-I) and (U-V) correspond almost exactly with the galactosamine present. The corresponding sulphur bearing polysaccharide of Rous sarcoma also contains only glucosamine, however the sulphur content is higher and an antithrombic activity is detectable (Harris, Malmgren and Sylven, 1954) .
SUMMARY
Extraction experiments show that a human undifferentiated carcinoma, originating from the pancreas, is rich in hyaluronate which has been identified by chemical, spectroscopic and physico-chemical methods. The particle size of this tumour hyaluronate is smaJler than that of normal umbilical hyaluronate, but of the same order of Rous fowl sarcoma hyaluronate.
In addition to the hyaluronic acid some unidentified sulphur-bearing polysaccharide was found, which contained glucosamine. The material is provisionally assumed to be chemically related to heparin-like substances, such as sulphate esters of hyaluronic acid, but exhibits no antithrombic activity.
